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RESEARCH MEMORANDUM

SOME TORSIONAT~DAMPING MEASUREMENTS OF LAMINATED BEAMS
AS APPITED TO THE PROPELIER STATI-FLUTTER PROBLEM

By Atwood R. Heath, Jr.
SUMMARY

The structural damping, obtained experimentally, in the torslon
mode of vibration of a series of untwisted, laminated, thin beams
similsting propeller blades 1s presented in this report. The number
of leminations were varied, as well as the bonding material and the
method of joining the laminations.

Application of these demping data to the calecuiation of the mini-
mm flutter speed of thin laminsted propeller blades indicates small
increases in the minimum flutter speed for models with no bonding mate-
rial. The use of Cycleweld cement as & bond between laminations
inereassed the damping to the extent that apprecisble geins in minimm
flutter speed are indicated.

INTRODUCTION

The use of thin supersoniec propeller blades has brought sbout =a
reduction of the stall-flutter velocity of propellers to the point where
stell flutter may be experienced in the take-off range of operating con-
ditions. One promising method for alleviating this condition without
changing the primary serodynamic characteristics 1s the use of propeller
biades with large values of torsional structural demping. Previous
research (ref. 1) has shown that the damping of built-up structures in
the bending mode can be increased by the use of inserts of various mate-
rials between components. In the investigation reported herein, s serles
of models simulating the dimenslions of thin propeller blsdes heve been
tested to determine the effect of the number of leminations and the
bonding materials on the structural demplng in the torsion mode. This
work is presented as one dilrection of resesrch which may ultimately help
in providing torsional damping in propeller blades and does not neces-
sarily represent a practical solution tc the problem.
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SYMBOLS o
b blade semichord, ft &
&y structural dsmping coefficlent for torsional mode
GJ torglonal stiffness, lb-ft2
L blade length, £t
n nuniber of cycles
\' velocity, ft/sec
a tilp angular deflection, radians
@y, first natural torsional frequency, radiens/sec

APPARATUS AND TESTING

Apparatus.- The equipment used in these tests is shown with a model
in place in figure 1. The model was clamped tightly in the clamping -
device attaeched to the upper head, which was in turn securely bolted to
one of the wide-flange beams of the building structure. A vane was
clamped to the unrestrained lower end of the model in s plane perpen-
dicular to that of the model surface. The vane was desligned to facili-
tate the holding of the model 1n a twisted position untlil ready for
release and also to offer the minimum amount of surface in the direction
of motion. The vane also made possible a release in which only s small
amount of bending was introduced into the torsional vibretion. An adjust-
able lever system connected to a solenoid waes fastened to the lower head.
The hooks of the lever system engaged the vane in the twisted position
end were held by the energized solenocild, untll the release was made.

The components of the optical and recording system (fig. 2) were a line-
filement light source, a 1lZ2-inch focal-length lens, s front-surface
mirror, and a film recorder with timing light. The light-source fila-
ment was reflected from the mirror on the model as a vertical image
which together with the narrow horizontal slot of the recorder produced
a spot on the film.

Models.- The models tested were rectangular in cross section and
had a 3-inch chord and 0.0417 thickness ratio regerdless of number of
leminations. All of the models had a length of 17 inches with the -
exception of one which hed a length of 18 inches. All the models had
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a clamped length of 2 inches. The models differed in number of lamina-
tione and bonding material and were made of ground tool steel of the fol-
lowing percent composition: earbon, 0.85 - 0.95; silicon, 0.20 - 0.35;
mangenese, 1l.30 - 1.50; and molybdenum, 0.20 - 0.30. Table I lists some
properties of the models; figure 3 shows the model cross sections; and a
detalled explsnation of their construction is as follows:

(1) Model T was composed of solid steel.

(2) Model IT was composed of two laminstions fastened together in
roughly the same msnner as brazed hollow-steel propeller blades. On one
face of each leminstion, a bevel was ground on the leading and trailing
edges. The two plates were then joined snd silver-soldered together and
the model waeg then ground back to 1ts original chord dimension.

(3) Model III wes composed of four laminstions, and its construction
was the same as that of model IT.

() Model IV was composed of four laminations; each lamination was
attached to an adjacent one by a thin film of soft solder zcross the
entire surface.

(5) Model V was composed of two laminations bonded together with
Cycleweld cement, a thermosetting, rubber-plastic-base adhesive, by the
CB-4 process. Four force-fit dowels were used to line up the sheets
and were located two at the 8.33-percent-chord station and two at the
91.67-percent-chord station.

(6) Model VI was constructed similar to model V with the exception
that the dowels were omitted. The leading edge of the model was silver-
soldered in the same manner as were models IT and TIT.

(7) Model VI-A was constructed the seme ss model VI, the only dif-
ference being the length, which was 18 inches.

(8) Model VII was similar to model VI but had both leading end
trailing edges silver-soldered.

Tests.- All models were twisted to 0.17h radian and released with
the resulting torsional vibration being recorded on film. This was
repeated until at least two essentially pure torsion records, showlng
only small amounts of bendlng vibration, were obtalned for each model.
Figure 4 shows a typical record of the torsionsl vibratlion. During the
investigation, severasl items required additionsl checking. It was
necessary to test the rigidity of the clamping device. BSteel wedges
were therefore driven between the clamping device and the mounting beam,
and vibration records were cbtained with model I and compared with pre-
vious records for the unwedged clamping device. When model V was being
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tested, it was discovered that the second bending mode was interacting
with the first torsional mode, so welights were added to the extremities
of the vane to separate the frequenciles of these two modes. Model I

was also tested in this latter configuration and compsared with previous
tests using no weights on the vane to determine any changes in deamping
caused by using the welghted vane. It was found impossible by practical
means to separate the first torsion and second bending frequencies of
model VI sufficiently to give a good record; therefore, a model of
longer length, model VI-A, was tested.

Reduction of datsa.- The torsional siructural damping coefficlents
were evaluated by means of the following equation which hag been devel-
oped in reference 2, and in which the log decrement & 1s equal to =wgg:

da/dn

e c——

Tt

The demping-coefficient curves were determined from at least two
different tests with a maximum relative error involved of about 15 per-
cent and with a general relative error of about tl percent. As the
daemping coefficlents were evaluated by determining the slope of the
envelope of the decaying vibration, much of the error involved can be
attributed to the fairing of the envelope curves as well as the graph-
ical method used for determining the slope of this curve. The absolute
value of the damping may alsc be in error by some indeterminste smount
due to the Ilnteraction of the model and the vane. Since models I to IV
were tested under the same condltions, any error involved should be the
same for each one. With weights on the vane for model I, the curve of
damping coefficient was displaced upward about 0.0010 from the originsl.
Since model V was tested with the weilghted vane, 1t 1s seen thet the
increase in dsmping coefficlent of 0.0010 would amount to 1.5 percent,
which is well within the accuracy of determination of this curve.
Results of the tests with the wedged clamping device for model I showed
a curve that varied only slightly from that of the unwedged model and
with no noticeable difference in trend. As the data from tests on
model VI-A were repeatable and the damping-coefficlent curve fell
approximately in the center of a group of curves obtained from model VI,
the informetion from model VI-A 1s therefore comparable to the models of
shorter length.

RESULTS AND DISCUSSION

The data from these tests are shown in figures 5 end 6 where tor-
sional structural damping coefficient is plotted for variation in tip
anguler deflection. The damping curve for model I agrees et the lower
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tip anguler deflections with date obtained on a bar of SAE 4130 steel
reported in reference 3 but has & slightly lower slope which results

in a discrepancy in damping coefficient of 0.001 at the highest tip
angular deflections shown. Because of the close agreement of the dats,
‘and because the reference date were obtained on & cylindrical bar for
which the air damping should be negligible, no correction for asir damping
is considered to be necessary for the model configuratlion reported herein.

The structural damping discussed in this report is presented in
coefficient form as an equivalent viscous demping and is assumed to be
primarily composed of two types of damping, the first being the internsel
or hysteresis damping of the steel and the bonding materiasls, and the
second, dry-friction damping which is assoclated with the movement
between laminations in models with no bonding meterial. An inspection
of the curves in figures 5 and 6 would lead to the following inferences
in regard to the types of damping present for each model. When dry-
friction desmping is expressed as equivalent viscous damping, as In this
report, 1t varies inversely as the amplitude of vibration when the fre-
quency remsins constant. Therefore, as the average slopes of the curves
for models I and III are lower than that for model I, 1t appears that
dry-friction damping, as well as internal demping, is present in these
two models. The decrease in slope of the damping curves for models IT
and III from that of model I 1s sbout half of that whlch would be’
expected from calculations in which the difference between the curves
of models II and I and between those of models III and I 1s assumed to
be dry-friction damping. Model IITI has more sliding surfaces than
model II; hence, higher damping values mey be expected as shown. The
curve for model IV, which has & much higher slope, acts like a homoge-
neocus beam of higher internal-damping capacity than model I, caused no
doubt by the soft solder between surfaces.

In figure 6, the damping curve for model VII has a slightly higher
slope than model I and verles approximstely linearly with deflection,
gimilar to a homogeneous beam of higher internsl-damping cepacity.

Models V and VI-A have demping curves that are probebly indicative of

a nonhomogeneous structure and are nonlinear throughout the deflection
range. As portions of these curves have a lower slope than that of
model VII, the additior of dry-friction damping possibly caused by
rupture of the Cycleweld bond would seem to be indicated. However, an
exsmination of these models at the end of the tests showed that the bond
was still intact. The difference in damping curves between models V and I
is assumed to be representative of the Internsl-damping capacity of
Cycleweld. As model VI-A had the leeding edge fastened, less working of
the Cycleweld is expected, and hence, less dasmping. As the damping coef-
ficient for model I at the lowest tip angular deflectlon shown agrees
with previously published data (ref. &), comparisons will be made at

this condition.
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A method for calculating the stall-flutter parameter V/b'_qm of

thin wings by using the experimental aerodynemic torsional damping-
moment coefficlents has been presented in reference 5. As the mode of
vibration in stall flutter was found to be essentially torsionsl, the
torsional structural damping coefficients reported herein will be
applied elong with the serodynamic torsional dampling-moment coefficlents
obtained for the axls of rotation at the 50-percent chord to obtain the
minimum flutier perameter. The analysis will be based on the structural
properties of an NACA_l6—OOh airfoll sectlon composed of steel. The
minimum flutter parameters calculated from the sbove are assumed to
apply to thin propellers using the 0.8-blade-length station as a refer-
ence section, and these parameters are summerized in table I.

The minimum flutter parameter (V/bmu)o 81, is increased from 1.0k

for model I to 1.41 for model III, or to 136 percent of that for model I.
An increase in the torsional frequency wes also obtained (table I) but
is not consildered significant as a variation was noted for models I

to Iv.

The increase in demping coefficient for model V over model I at the
lowest tip angulsr deflection, from 0.0012 to 0.0562, is sufficient to
raise the minimum flutter parameter to 300 percent of 1.0k, or 3.1k. As
& 5.8-percent reduction in torsilonal frequency wes also obtalned, the
increase in flutter speed would be less than that shown for the flutter
parsmeter.

Model VI-A, with the leading edge silver-soldered, gave a structural-
damping curve that falls between those for models I and V. The increase
in damping coefficlent over model I from 0.0012 to 0.0240 1s sufficient
to raise the minimum flutter parameter from 1.04 to 2.44, or to 235 per-
cent of that for model I. As there is no reduction in the torsional fre-
quency of this model, when corrected to & 15-inch free length, the mini-
munn flutter speed will increase directly as the flutter parameter.

Model VII showed an increase in structural damping over model II
which had no Cycleweld bond but only equaled that of model IITI which
. was discussed gbove.

The torsional-stiffness factor GJ which normally bears a definite
relation to the torsional frequency was determined as a means of veri-
fying the frequency meessurements. Models V, VI, and VI-A all showed a
similer decrease in torsional stiffness from that of model I, but only
model V showed a corresponding decrease in torsional frequency. The
fact that the frequency remained constant which 1s not consistent with
the decrease 1n torsional-stiffness factor would be fortuitous from the
flutter standpoint, but the reason for it is not understocd. The
torsional-stiffness measurements also provided & check on the uniformity
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of the models. A vearlation in gtiffness over the length was noted for
models V, VI, and VI-A, possibly caused by nonuniformity of the Cycleweld
bond; therefore, average values have been tabulated in table I.

CONCLUDING REMARKS

Although the calculated minimum flutter parameters were determined
by using serodynamic damping coefficients taken on thin wings, the
magnitude of the indiceted gains suggests that spprecisble increases
in the minimum flutter speed of thin propellers can be expected by such
a meang. Of the methods of laminstions studied, the Cycleweld——silver-
solder construction of model VI-A seems to offer the best compromise for
the practicel construction of a laminsted thin propeller blade.

Langley Aeronautical Ia.'boratory,
National Advisory Committee for Aeronautiles,
langley Field, Va.
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TABIE T

PROPERTTES OF MODELS TESTED

Torslonsl.
7 Numd leading |Trailing frequency, Torsional v
Model |length,| of lami- Bonding edge edge * (Mo | frequency, | GJ, (-
in. |nations | Tteriel |silver- |silver- |_ 0 . "o cps (Weighta ., o.2 |\bay 8
. 8 soldered |goldered on vene) 0. 9L
vane )

I 15 1 None 92 69 166 1.04
IT| 15 2 None Yes Yes 96 -- 180 1.27
IIT | 15 L None Yes Yes 97 - 185 1.4
| 15 4 Soft solder| Wo No 93 - 160 1.06
vi 15 2 Cycleveld No No 8 65 145 3.1h
Vvi| 15 2 Cycleweld | Yes Fo 91 - 147 -——-
VI-A | 16 2 Cycleweld | Yes ¥o 891 - 141, 2.4k
VII 15 2 Cycleweld Yes Yes 92 - 175 1.h1
Bhig frequency hag been corrected to a free length of 15 inches. i@E
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Figure 1.~ Test equipment, with model iIn position, used for obtalning
torsional structural demping.
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Model )
Mirror

[2"focal-length lens

Vane

Recorder slot
Light source

Film recorder m

Figure 2.- Schematic drawing of optlcal system end fllm recorder.
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Model III

soft solder

Model IV

///f— Cycleweld
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Model V

///—-Cycleweld
gllver soldez'-—-\\\.’L

Model VI and VI-A

yrr silver solder
Lk’

| ‘q‘nﬁnppf
Model VII .

Cycleweld

Note: Figures not to scale

Figure 3.- Cross sections of all models.
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Figure 4.- Typical record of decsying vibration.
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Torgional structural damping coefficient, g,
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Figure 5.~ Variation of torsionsl structural damping coefficient with tip
anguler deflection for eclld ard soldered models.
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